A cluster of infections caused by Enterobacter cloacae was observed among preterm neonates in a neonatal intensive care unit (NICU) of a pediatric hospital in Osnabruck, Germany. The presence of similar antimicrobial susceptibility patterns among the bacterial isolates prompted an investigation to determine whether a limited spread of a single strain existed. All 12 E. cloacae isolates from the NICU and 50 nonrelated strains were fingerprinted by small-fragment restriction endonuclease analysis (SF-REA) of EcoRI DNA digests. Selected isolates were further characterized by pulsed-field gel electrophoresis (PFGE) of NotI-or XMaI-generated genomic restriction fragments. Epidemiologically unrelated strains were clearly discriminated by both methods. Results achieved by SF-REA and PFGE revealed that of the 12 isolates from the NICU, 11 belonged to the same genotypic cluster. Since all reagents and equipment for both techniques are commercially available, DNA fingerprinting by SF-REA or PFGE is proposed as a useful tool in the microbiology laboratory for investigating the epidemiological relatedness of E. cloacae strains of clinical and environmental origin.
In recent years Enterobacter cloacae has been increasingly recognized as a nosocomial pathogen (10, 14) . Outbreaks of infection have been reported in neonatal intensive care units (NICUs) (27, 32) , surgical wards (6) , and burn units (22, 25) , associated with contaminated pharmaceutical products (24) or caused by cross-infection (28) . Enterobacter was found to account for 4 to 12% of sepsis caused by gram-negative organisms (22) and accompanied by a relatively high mortality rate (5) .
Tracking the causative agent in outbreak situations requires the precise identification of individual isolates beyond the species level. Traditional techniques used for typing E. cloacae are often based on phenotypic characteristics, including biotyping (29) , antibiogram analysis (27) , bacteriocin sensitivity or production (2, 8) , 0 serotyping (15) , and phage typing (13) . Some of these techniques are not sufficiently sensitive to distinguish between different strains or are affected by physiological factors. Others depend on reagents that are not commercially available, thus limiting typing E. cloacae to a few specialized centers.
In more recent reports genotypic typing methods, such as plasmid profile analysis (25, 32) and ribotyping (3, 12) , have been employed for the strain delineation of E. cloacae. The latter technique seems especially promising, since it takes recourse to stable strain characteristics and its results are clear and easy to interpret. Unfortunately, it is rather time-consuming and labor intensive, since Southern blotting is employed as an essential part of the procedure. In nosocomial investigations, typing methods that can be performed by the microbiology laboratory that serves the affected ward or hospital are needed because the rapid instigation of control measures depends on reliable typing data achieved in an appropriate period of time.
In this study we report on the use of small-fragment restriction endonuclease analysis (SF-REA) and pulsed-field MATERIALS AND METHODS Bacterial strains. A total of 62 E. cloacae strains from clinical specimens, catheters, and perfusor lines submitted to our diagnostic laboratory were included in this study.
Bacteria were isolated and identified biochemically by standard procedures (11) . Twelve isolates were from nine premature infants in an NICU of a pediatric hospital in Osnabruck, Germany. Information in detail is given in Table 1 . Fifty epidemiologically unrelated strains were collected over a period of 3 months from patients in 15 hospitals of diverse geographic locations in Lower Saxony, Germany.
Biotyping. Bioprofiles were determined by the API 20E system (Api-bioMerieux) according to the manufacturer's instructions.
Antibiograms. Susceptibility to 14 antimicrobial agents was determined by the disk diffusion method on MuellerHinton agar (9) using the following substances (per disk):
cefazolin (30 ,ug) , cefotaxime (30 ,ug) , ampicillin (10 ,ug), mezlocillin (30 ,ug) , imipenem (10 ,ug), gentamicin (10 ,ug) , ofloxacin (5 ,ug), chloramphenicol (30 ,ug) , fosfomycin (50 ,ug), tetracycline (30 ,ug) , co-trimoxazole (25 ,ug) , nalidixic acid (30 ,ug) , nitrofurantoin (300 ,ug), and colistin (10 ,ug Triton X-100 lysis procedure (4) followed by phenol-chloroform extraction and isopropanol precipitation as previously described (19 Chromosomal analysis by PFGE. Unsheared DNA from E. cloacae was prepared as described by Smith and Cantor (31), with modification. In brief, E. cloacae was grown on sheep blood agar, harvested by a polyester fiber-tipped applicator, suspended in 10 ml of suspension buffer (100 mM Na2-EDTA, 20 mM NaCl, 10 mM Tris-HCl, pH 7.2) at a density of 3 x 108 cells per ml, and collected by centrifugation. The cell pellet was thoroughly resuspended in 0.5 ml of the same buffer, warmed to 42°C, mixed with an equal volume of preheated 1% low-melting-point agarose, and drawn into a tuberculin syringe. Agarose was allowed to solidify at ambient temperature for 30 min and was then extruded and placed in 1 ml of lysozyme solution (2 mg of lysozyme per ml in 100 mM Na2-EDTA-50 mM NaCl-10 mM Tris-HCl-0.2% Na-deoxycholate-0.5% N-laurylsarcosine, pH 7.2). The samples were incubated for 2 h at 36°C with gentle shaking followed by a short rinse with washing solution (50 mM Na2-EDTA, 20 mM Tris-HCl, pH 8.0). This was then changed to proteinase K solution (1 mg of proteinase K per ml in 100 mM Na2-EDTA-1% N-laurylsarcosine-0.2% Na-deoxycholate, pH 8.0), and the agarose columns were incubated for 14 h at 42°C with gentle shaking. The blocks were then washed twice in washing solution, incubated for 15 min run the risk of rendering variable results when performed on different occasions (26) . The combination of two or more of these techniques is still required for typing E. cloacae (8, 14) .
Of the genotypic typing methods, plasmid profiling is favored as a simple and inexpensive technique (22, 25, 32) . In our hands there was not a great deal of variation in the plasmid profiles of unrelated isolates, and most strains had only a few plasmids. However, the limited diversity of patterns in this method may be restrictive in large epidemiological studies, thus making further analysis by restriction endonuclease digestion necessary. Instability of profiles due to acquisition, loss, or transfer of plasmids may be another handicap of this technique, and identical plasmid profiles may not reflect the overall genetic relatedness of isolates (7, 19, 26) .
The aim of this study was to evaluate the polymorphisms provided by two chromosome-based epidemiological marker systems, SF-REA and PFGE, which both offer the advantages of chromosomal stability and high typeability of E. cloacae isolates in a nonreference laboratory. SF-REA has previously successfully been applied to the epidemiological fingerprinting of Staphylococcus aureus (17) , Legionella pneumophila (18) , and Klebsiella pneumoniae (19) , and PFGE analysis is accepted as a useful typing tool for several bacterial species (16, 21, 30 
